


INVESTOR INFEOFLB 




PRIORITY 



The Patent Office 
Concept House 
Cardiff Road 
Newport 




WlPO POT 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates onbehalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substimtion as, or inclusion as, the last part of the name of the words , 
"public limited company" or theu: equivalents in Welsh, references to the name of the company 
m this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 

Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 





Dated 23 October 2003 



BEST AVAILABLE COPY 



B4-dCT-2602 15:40 ROT1 RBHIBHfiU PLC 



TO 901633814444 



©. 



Patents Form 1/7*' 




A« 1977 



Request for f-^-^^ 

tt« ncKvf M <to luu^i orOdi ihns. V<ni BBS aba ^ JU7 
aqOarutaiylmBat frnra AmPa^OOar ia bnipjraa B!fln 



04fH;Ti&2" raiiVl D0265i_ 
POimCto O.00-'0222%2.3 



IhaFatentOfflcB 

CbnUETRoiul 

Soiirh Wale* . < 
NP9 IRH 



I. Vour reference 



2. Patent appUcatJon mimljep 

{The PpiBfie OipoB wiBBttbi dtifpan} 



0222962.3 



3, Eult name, adcfress and postcode ofthe or of 
each applicant (\ 



If die applicant is d corporate body, ^ve the 
coutmy/srate of its Incorporation 



Renlsliav plci ' ; , 

GloTttciesliars'hlrer Gtl"?' SJR 
26910'a2 . I'-Zr 



4. Tttla of the invendon 



Laser, Syai>ein 



• 5. Kame ofyonra^t ^yttatmnon^ 

'Address for setvice' In die tlolted Kbigdom 
to which all correspondence should be «en( 



Keaia^saw plc^ Patent Departmejit 
Kev Wilts • ,1 

tJnitjed Klagdolft ^ , 



Patents ADP numbef &:^baam ^ 



6. Ifyou 



firing ptiorUiy Eroin one or idok 
earlier pittsnt ^plications, ^ve the countiy 
uid the date of iiliiig of 'the Or of each of these 
eafller applications and 0Fyaukntmi^the ■at 
each application number 



* Frtodlji Bppiieatlaii hunfticf 



(nkef/mondbi/yMr) 



7. If this application is divided or odierwlse 
derivBd JQroin an eadier UK appIIcatUm, 
give Che number and the filing date of 
the earlier application 



Muraber of eiriierqppUcadon 



Date of filing 



^& a Mtemenc of imrencoi^hip and of right 
v> grmt of a pateirt required to support of 

dils request? (Amwar yet'ff 

a) aitysptaieantnamadinpattSisaotanimmmnor 

igtlMeant, or 



Patents Ponnl/77:" 



10049030 D4- Ot:t-02 jJI .44" | 



^-acr-2iaS3Z 13 = 41 from I^ENISHflW PLC 

Patents Form 1/77 

fdlowing Items you are ffl&g with this form. 
Do not count coplw oF tte swne docuwient 

ConttmiBllon sheets of liiis fonn 



Abstract 



0 

2 -^)/' 



to. If you are also fliiitg aa^ of the following, 
state bow mafqr against each mem. ■ 

Priorfly docuniencs 0 

Txanshttloiis of priority documents q 

Stat«nent of Inventorship and rigjit 
to grant of a patent Pfetoor/lirrn 7/*7? 0 

Bequest forpreUminfliyexatninatlQn 

and search (Paceaiafaxm 8/77) O 

Reixuest ibr ^ulwtHniivB exanrinatton _ 
Anyotfaerdowments 



12. Name and daytime tetephone nmnbw v& 
person to contact In the Unttad lOnBdoio 



■ JWerequesttheBtahtofatiatentonthBbaslsofthisappl^^^ 
A Ilea 0145.3 524-464.' . 



AtbBebed ta Oils form. 

d) ifyou have ans^er^ -Yes' Farsnts Form 7/77 win xmd to b^m^ ; . : 
^} orn^ you b^^nUBd in thB Form you must rem^barK,^iif>dd^^iL 

;■ : Patents Fonn l/?7 



B4H3CT-2002 13:41 FROM RENiaiflUI PLC 



TO 901633814444 



P. 



© 



LASER SYSTEM 



This iavantion relates to a • laser pyatetp "an^' in 
particular the alignment of a lager, b^dra liipi a laser 
system. * , » , • ' 

/ ' • . " ' 

It is known to control the orientation 'of ■ A lasser beam 
using two or wore rotating pr^ism© » \ r)e^en<iin0 on the 
number of rotating prisms and tlieir afelative^ 
orientations one-dimeneional or ;t\flo-f^T!ieri9ional 
alignment of a laser beam can be achieved . ^ Rotation of 
one prism deviates the beam direotion in 'one plane. A 
second rotating prism can, if rotate<i in 'the. same 
direction increase the degree-, of devigition' 'Within this 
plane or. If orientated differently with respect to the 
laser beam it can deviate the. be^ro direct: ion In a 
different plane. Problems tha,t occUr w^th k?xown 
methods of controlling the orientation ,of a laser beam 
include the fact that the prisms can be esqgensive as in 
order to achieve the objective, they, pf ten- Saave to be 
matched pairs of prisms. Adj^'stmeAt ,6£, Che prisms can 
be time consioniing and in some circiamBtances * 
unintuitive. The amount of adju^tmfent _of the beam 
direction in a given plane may also^ be .limited. 

According to a first aspect of the present Un'v'ention 
there is provided a laser system "having an. optical axis 
comprising: ; ; ' 

a laser eource which generates a laser- beam; 

first and second adjustment means .which are 
adjustable relati-we to the optical ;, a^cl^ ; ^ ^! 

characterised in that the laser b^anj; is directed 
from a point which is non-parallel' to the optical axis 
and the first and second adjustment) means i^viate the 
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laseir beam onto tHe optical axis, 

preferably the first aiid second id^u^tW rt^^ans ao^ 
relatively positioned Buch that th^. first; and aecond 
S adjuatxneat means, when adjusted, deviate , the' laaer bean. 
. in first and second planes respectively ea«ih. of which 
is perpendicular to the optical axisi; . . 

px«f«al.ly the Byatem furthei io,n5,x;l=ee at l«Bt 

10 one narror positioned in the .laser. bea„ wherebir 
th« at least one mirror is at an -ai^Sle .of£,et to the 
optical a.i= herein the fixet and; a^ooftd -4d3ustment 

deviate the laaer beam ontp the.op.;ioal a^e e«l 
the at lea»t one mirror reflept» tj^ •laate heam along a 
IS second optical axia. 

"According to ^ 'aecond aapect bf .the preseit. invention 
thfere is provided a laser int'^rferometer .ey^tem havxng 
an optical axis coinprising: ' / " 

20 a las^r source for pr<^idi^g ^. f i*;^^ i^a^er be^x.; 

weana to provide a' second laseg. b^am- from the 

first laser beamj . 

interference means for ppoWding .an.iatijrferenca 
beam from a supposition of th^ ^irst ' asd Second laser 

2S beams; ' • • ' ' ' w 

a detector for detecting, the interference beam.- 

arid ' , . ! 

first and second adjustinent ,m^«»s which, are 
adjustable relative to the optical; axis .. 

characterised in that the a first -las^r: beam xe 
directed fxom a point which ia ivSn-parrallel^ to the 
optical axis and the first and a^cpnd . a^ju^tm^t means 
deviate the first laser beam onU. the optical- axxs. 
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Preferably the laser interf erbniet;er sydterk if tirther 
comprises a mirror in che path of thei-firac laser beam 
whereby the mirror is at an angle bfjs^t 1;o the optical 
axia wherein the first and second adjustment means 
5 deviate the beam onto the optical fixif and ' the at least 
one mirror reflects the laser beam'alarrg second 
optical axis. • •' 

The first and seoond adjxistment me^ni " are .preferably 
10 first and second prisms which rotate '.rel^^ive to the 
optical axis. _ ' ■ ' 

Alternatively the first and second adjuat[iAent means are 
a prism and a rotatable adjustaha.e- clan^ ^hifch houses 
15 the prism. such a clamp may be acniiare .aiid -.coir^jrise 
four comer screws which may be tighteri^d or loosened 
independently thus enabling deviation of ,a .laser beam 
which passes through the prism. ' Tliia is 'described in 
more detail In published applicatipn ,1*600/57228* 

20 

The invention will now be described by excainple and with 
reference to the acaon^anying* drawings c^f whicsh: 

Pig 1 shows a plan view of a laser system 
according to the invention; 
25 Fig 2 shows schematically ail alt^Enafciv^ laser 

system according to the invention j • • • 

Fig 3 shows a laser interferom^eei; syat^th 
according to the invention . " [ 

30 Pig 1 shows a laser system haying" a las-er ' siource 10 
which provides a laser beam 12 at an 'arigl^ \tohich is 
non-parallel to the optical ajcis. 14. iHii i^ser beam 12 
is offset to the optical- axis' 14' in two 'directions in 
tlie a direction by an angle a -and it). .tKe 'y .direction by 
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an angle b. laying on op.icl Us il. a ^i^^JJ^^ 
about the optical aac±B 14. ' . " 

aas^ beam f xom th. Xa«« .ou,.e :iO ' 

o. first prism 1. ^K* i- ^t.t^Me .2, ^ . 

optical axiB 14. Rotation of ba»>.lS,=aUaeB deviation . 
7f Z.. xa in th. z airiction rotation of 

pLtn. --.^ 

in the z direction coT,^ared to t^t :of -the optical 
14. Rotation 20 of the .econ^ bea™ ,18 about the 
optical a^. i* deviate, the laser be,.. "^^^^C i8 ' 
the X direction-, i.e. rotation of thi. ;.e.c»4 pr«m " 
can deviate the laser bea. 12 euch.that the angle b ^ 
deviation from the optical axis 14. is changed thus by 
appropriate rotation of the first 16 .and .second 18 
pSe™, the deviation angles * and b .are reduced to 
«r^ and the laser beam tben lie« d« W» optical axis 
14 . ' , : . , 

The prlBHis may rotated via' manual 'or cpi^titer 
control . 

Slg 2 sh«,s schematically an alt^r^ate .laser i system 
« according to the invention having, a- laser source 3 0 
^oh provides a laser beam 32 ^icb xa initially 
obli^ to a first optical a^is 33 -orthogonal to a 
aecond Optical axis 34. , . ; 

30 in order to delate the laser bek«;3i ortbcgcnelly. a 
:Lor .3 is provided as well- as «rst ,3.,and second. 38 
prisma. The mirror 42 is ^ignlarly of fset .to the 
second optical axis 34 so that ^en a laser beam xs 
reflected off the mirror, the- laser b^«.,'i. deviate^ 
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two pla.nep i.e. the mirror is tilted or rjoa- . 
perpendicular with respect to the 3c,y arid z; a>t$0. The 
position of the mirror 42 is 'fixed with .respect to the 
laser source 3 0 and the first optical axis '33 at 
approximately the right orientafioji^ to ^ohiarve 
orthogonal deflection, of the l^ser beam* ' .The' two 
prisms 36, 3 B which are rotatable 40 to 'd^v^ate the 
laser beam 32 in two planes are used to fiirie-^tvine the 
effect of the mirror 42, • ^ ' ■ « ' - 

In other words, as it is difficult 'to atngularly align a 
mirror in order to achieve time orthogonal "deflection 
of a laser beam which is incident thereon,- this 
embodiment of the itrvehtion allows fcJr 'small ' deviations 
from true alignment during asaemb'ly of a ;laser system 
to be accorampdated. In a conventional laser jsyBtem, 
Che mirror " is aligned using a micrometer/, screw thread 
or differential screw. These adijustera remain in the 
laser system which increases the sensitivity , of the 
system to temperature fluctuations -as thq adjusters are 
made from a material (steel) >hioh has a different 
thermal expansion coefficient to .the ]miriror material . 
Due to the design of the adjxosceraj . q.' linear, eacpansion 
of the adjuster results in a rotational luovetaent of the 
mirror, which, if large enoiigh will jreault in 
misalignment. In addition, these ad^^usters'. are 
difficult to use to realign the mirror.* "The prisms of 
the present invention may be mo^lnted' within an 
aluminium ring which locates the prisms and- enables 
adjustment thereof. Although temperaturq fluctuations 
will still caus6 fexpajision of the. rings, as the prism 
is within the ring, such eacpansion will stretch the 
prism linearly not rotationally » ' Thus a las^r system 
according to the invention is- less seneiti"^® to changes 
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A fiirther advantage is that if it is .reqaifed-to tnoye 
the beam by an angle %, the mirror :fauBt -be xnoyed by 

If 0 is s^all then tbiie' £>e tfm^ -acpnauming and- 
diffieixlt to achieve whereas fiavjiation [by a^in^ual or 
motor-driven rotatable prism i^ easier . (thi^ . can be 
done using an actuator which bao ot.a i-rem^te from 
the prism) and although there, ia a reiatipnahip between 
pxism rotation and beam deviation the prism can be 
selected euch that a la:.g^r ^bale ro.tatidn^of the prism 
results in a beam deviation of ^. 

. in an alternative arrangement.; the' fir^t aecond 
beam steering prisme can be located after the ^.irror 3P 
the laeer- beam path is fine-tuned after reflection.. 

Although in this example, the' laser" beai;- is '.orthogonal 
to the optical axis of the laser syBtem, ithe- person- 
skilled in the art will appreciate- tliat aiiy ^angular 
deviation is possible with this embodimeni; of. the 
ir^rention by appropriate ori«ntat,ion o^ the respective 
parts of the laser system or the^ addition of .«ore • 
mirrors, for example. . 

Eig 3 fltows an InterferoinBfcBr syatim'sii lia.vip& a . 
c=.4,in«d laser source and deMctor .Sl ^>M6h produces a 
laser bean. . A b.«> splitter S% s^lit^.the laasx, _ 
bean, iuto two BOb-beama SJa ^ ^hi'^ 
subsequently directed to ii.dividual. mirrors S5a,S5b . 
respectively »bl=h are secure^ to relatively n»vable 
=4,Jeots (net sh<™n). m the sxaWI* shown, the mirrors 
axe appro=en.atsly parallel to each' o^hei: and lie on 
optical axis 60 oS the Interfbronstsi. • This optxcal 
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axis lies orthogonally to the' laser source 51. The 
mirrors 55a,55to reflect the laser ^^^-beama 52a, 52b 
which are subsequently reconO^ined at the .b^am. splitter 
53 producing interference beam .;*xiah ^is ■.detected by 
5 the combined laser source sind. deteitor Si,' ThiP 

interference be^m slven information- abputf the relative 
positions of the two objects .(not Showj^)' .; • . 

in order to produce the two spaced ;ai>axt ^«b4beam^ 
10 characteristic of ax. intexf erometer. on^ df "the sub^ 
beams 52b is directed to a refcroreflecfor ; 54 located 
adjacent the beam splitter where^^'the other sub^beam 
52a is 'directed to a mirror 56 placed away from the 
beam splitter 53 at 45« to the laser ST^-^beam path, the 
mirror 56 and retroref lector 54 'each direct a 
respective a«b-beam towards the individual mirrors 55a 
and 55b. In the path of each s.^-be4-' i?^tween mirror 
56 or retroreflector 54 and individual mirror^ 55a, 55b 
are two seta of two rotatable prisms 57a.sea and 
57b,58b one set of prisms lying in.the ,p^th of each 
sub-beam 52a,52b respectively/ Th^ee ^riams are , . 
rotatable about the a^ie of tha .sub-be^ms ^d can be 
disposed such that rotation of one prism :S7a>S7b causes 
deviation of the respective sub-beam ' 53a •52b- out cf the 
plane of the paper whereas rotatiion of tHe other prism 
5Ba,5Bb causes deviation of the ^^ul?-i?eam 'in the plane 
of the paper. It is preferred that. to pairs of prisms 
57 58 are arranged so that the beam deviations 
resulting from rotation of each pr^s* ^r^ substantially 
orthogonal over a small angular range. M^v^een 70 and 
110- , or about 90'). This allows obntM of t3*^ 
direction of each sub-beam 52a, 52b' in two -ditnens ions 
(which are not necessarily orthc^onal) ,' independently 
of the other sub-beam. • *, . ' 
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This indj^^afiss th& tolerance o£ the' ayatetn to 
misalignments of optical con?poixen,ts wit-hiii 'the syatem, 
in paarticular to the relatively niovatole i^ndividual 
mirrors 55af55b/ whiah may introduce ^m£'salig]?raeTtt.s 
S during their relative movements . ' . . ' ■ 

The interferometer system shown in, Fig ,3. icould he 
adapted for use with the eiribptiitti^^ of 'ti^ inirenfcion 
which uses an angularly offset mirror in addition to 

10 the two rotatable prisma in order, to achie've , larger 

laser beam deviations for one or. both of -the sub-beams. 
Depending on the requirementa , the angular '^isnment of 
the sub-beams could conprise completely ^epafate 
systems' {^6 dho*fn in Fig 3) or one'6r mtoiie parts could 

15 be shared by the sub-beams. 

The two prisms daadribed herein could he .replaced by 
Icnown configurations of one or more prisms depending on 
requirements as to number of dimensions, or deviation 
20 required and the important of limiting ishrdmatic 
aberrations . 
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